
1lIl '.ISIII"( 'Illl'nl !,ron·ss" I-! .lft' I('ss Ih.1I1 id ,,,lor bt'cause information about the 
.1.11" il-! k ss Ihan omplell' . In th 'quantum case, even given ideal measure
Ilwnts and a precise sp ifi ation of the state, we obtain nonextremal values 
of probability. 

Thus, in the state-space models we supply for determinist (classical) pro
,'('sses on the one hand and inherently probabilistic (quantum) processes on 
Ilw other, the distinction between them appears neither as a radical diver
gl'n e between accounts of the evolution of states, nor simply as a distinc
I ion between descriptive and dispositional accounts of states. It appears as a 
diff rence between the kinds of predictions a state makes available. Only in 
I he determinist case are these predictions, as we say, dispersion-free. 

But at this point we can scent a problem. Assume we have a quantum 
system Q and a measurement apparatus M. If the measurement process is to 
conform to quantum theory, we would expect the state of the coupled 
system Q + M to evolve according to Schr6dinger's equation, that is, deter
ministically; nothing so far suggests that a complex system offers an excep
I ion to that equation. But if we associate different experimental results with 
(I i ff 'rent states of M (its "pointer readings"), and if the evolution of Q + M is 
dt'lcrministic, how is it that results have probabilities other than 1 or O? I 
postpone discussion of this question to Chapter 9; for the present, a faint 
whiff of the problem of measurement can be left to hang in the air. 

1. 8 Theories and Models 

T,lble 2.1 shows how states and observables are represented in quantum 
IIH'ory; in Section 2.7 we saw how the time-evolution of states is expressed 
III lerms of the action of a family of unitary operators on the vector repre
~I('nting the state. Quantum mechanics, we may say, uses the models sup
plied by Hilbert spaces. 

I mplicit in this way of presenting quantum mechanics is a general account 
of scientific theories. A theory T displays a set of models within which the 
hdlavior of ideal "possible systems" (or "T-systems") can be represented. 
For a realist, at least, to accept T is to say that there exist actual systems 
which are T-systems. (For an antirealist but still model-theoretic view, see 
V.II) Fraassen, 1980.) The actual solar system, for example, is (approxi-
1l1.ltcly) a Newtonian system, that is, a system representable within the math
"mati al models supplied by the theory of classical mechanics. A system S is 
" II/wllilim system if the behavior ofS is representable within a Hilbert-space 
Illod ' I in the way I have outlined. 

This model -theoretic account of a scientific theory is by no means 
original - it can even be called "the new orthodoxy" in the philosophy of 
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science. (See Suppes, 1967; ier', 1\)7\) ; Suppe, 1977, pp. 22L - 230 .) It 
stands in contrast to "the received view" (the phrase is Putnam's: Putnam, 
1962), which takes an axiomatic approach to theories and emphasizes the 
role of theoretical laws (see Suppe, 1977, pp. 3 - 61). While I don't quite 
share Schopenhauer's view of the Euclidean method (it is, he said, as if a 
man were to cut off both legs in order to be able to walk on crutches; 
Blanche, 1962), I would reject any claim that an axiom system is the ideal, 
canonical form for the expression of a scientific theory. The point is this. For 
any axiom system there exists a class of models; Peano's axioms for arith
metic, for example, have as a model the set of natural numbers. And within 
science we are not interested in axioms for their own sake, but in the class of 
models they define. It does not matter how this class is specified, provided 
that the specification is precise. When we investigate a theory, demands 
typical of the axiomatic approach-like the requirement that the specifica
tion be expressed in a first-order language, or that the predicates of this 
language be divided into two classes, observational and theoretical-give 
undue prominence to linguistic matters and are extraneous to our concerns. 
Thus van Fraassen (1980, p. 44): 

The syntactic picture of a theory identifies it with a body of theorems, stated in one 
particular language chosen for the expression of that theory. This should be con
trasted with the alternative of presenting a theory in the first instance by identifying 
a class of structures as its models. In this second, semantic, approach the language 
used to express the theory is neither basic nor unique; the same class of structures 
could well be described in radically different ways, each with its own limitations. 
The models occupy center stage. 

But when we say that quantum theory uses the models supplied by 
Hilbert spaces, what sort of models are these? They are models in two 
apparently dissimilar senses. In the first place, they are models as that term 
is used in contemporary mathematics; in other words, they are mathemati
cal structures of the kind described in Section 1.8, containing sets of ele
ments on which certain operations and relations are defined. More surpris
ingly, they are also models in the way that a Tinkertoy construction can be a 
model of the Eiffel Tower. Just as a point on the model can represent a point 
on the tower, so, for example, an operator on a Hilbert space can represent a 
physical quantity. 

The two senses are linked in the following way. When we recognize that 
the Tinkertoy model is a model of the Eiffel Tower, we not only see that 
points on the model represent points on the tower, but also that certain 
important relations are preserved in this representation; for example, we 
would expect the ratio of the overall height to the length of one side of the 
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hoi St, 10 lw II1\.' tldn\\' fOl" bolh Ihe low ' r and th ' mod I. That is to say, we 
,'x IW(llhe tow 'r ;)11<.1 the model to be isomorphic. But isomorphic structures 
. lr~' just the subject matter of model theory in the first, mathematical, sense. 

The outline of quantum theory given in this chapter uses the mathemati
\", d s tru ture of HiJbert space (a model in the first sense) to provide a repre
lI' lll a tion (a model in the second sense) of the behavior of systems. This 
Ih' havior has itself been described in very abstract terms; there is a wide gap 
hel ween the way a working physicist uses quantum theory and the account 
of th ' theory I have offered. Of such accounts, Cartwright (1983, pp. 135-
I ~6) ays, 

( )1\1' may know all of this and not know any quantum mechanics. In a good under
I'.r, ltiunte text these . .. principles are covered in one short chapter. It is true that 
I h,' Schrodinger equation tells how a quantum system evolves subject to the Hamil
IOlli,ln; but to do quantum mechanics, one has to know how to pick the Hamiltonian. 
III\" principles that tell us how to do so are the real bridge principles of quantum 
""' 'hanics. 

( '.II"lwright gives an instructive account of how an inventive physicist 
h"dg's the gap by using models of particular processes "to hook up phe-
1l0llll'na with intellectual constructions" (p, 144). "To have a theory of the 
'I' hy laser, or of bonding in a benzene molecule," she says, "one must have 
IIl11d 'Is-for those phenomena which tie them to descriptions in the mathe-
1I1 ,lli al theory" (p. 159). These models, however, have a very different 
'""clion from the mathematical model in which we represent states and 
I,hut'rvables. They are essentially models in the second, Tinkertoy, sense, 
which represent actual entities, like a ruby laser, in terms of fictional ele-
1lll'Ill s ("two-level atoms" in this instance) whose behavior is amenable to 
IllI'm'tica l treatment. These are just useful representations, simulacra of 
wh,ltthey represent, and are contrasted with the underlying mathematical 
I I I\'lIry: "a model- a specially prepared, usually fictional description of the 
"ysll'm under study-is employed whenever a mathematical theory is ap-
1"H'd 10 rea lity ... Without [models] there is just abstract mathematical 
1I,"\'Iur " formulae with holes in them, bearing no relation to reality" (pp. 
I 'I H 159). This view of the mathematical theory is at odds with my sugges-

111111 Ihat the mathematical models supplied by Hilbert spaces are also re
IH' ·Hl'nlaliona l. Such models are not simulacra, nor are they to be contrasted 
w,lh the theory; in fact, to present the theory is just to exhibit this class of 
'1IIH.ll'l s. In what sense, then, are they more than "abstract mathematical 
II I, lid 1I res"? Wha t, we may ask, do they represent? 

Well , 10 ask this question is precisely to seek an interpretation of quantum 
Illt'ory . Wh 'n we construct models of the Eiffel Tower or of the ruby laser, 
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we start from these objects and proce 'd to the task of model building. In the 
case of quantum theory, we have certain notions like "state" and "observ
able" which find a representation in the model. Antecedent to the theory, 
however, these are very insubstantial concepts. We rely on the theory's 
models to tell us how they are to be understood. The process of interpreting 
quantum theory is thus the reverse of that of building a model of a preexist
ing object. We judge our models of the Eiffel Tower and the ruby laser by 
how well they represent the objects modeled. When we try to interpret 
quantum theory we assume that the representation the theory offers is a 
good one and ask Feynman's forbidden question: what sort of world could it 
represent? In the most abstract, perhaps metaphysical sense, what must the 
world be like, if it is representable by the mathematical models that quan
tum theory employs? 
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Thl' Ih' l! "WIII'I' 1l1 h .. j IllIpll l\lIions ex t ' ntling beyond the topi of IIV 
I I It 'mil's, ,1Ild I disCII HS th l'Hl' implica tions in ha pter 8. The conclusion to be 
d rolw n (rom it in this section is that no local HV theory for quantum me
\'h.lni S is po sible. 

To sum up, any HV theory that reproduces the quantum-mechanical 
', l.lIis tics must be both contextual and nonlocal. 

().9 T nterpreting Quantum Theory: Statistical States and 
Va lue States 

II secms that quantum mechanics cannot, via an appeal to hidden variables, 
1)(' reformulated as a theory whose underlying phase space is classical. 
hi rthermore, a straightforwardly classical interpretation of quantum theory 
Its ' If is ruled out. Where, then, are we to look for another? Come to that, 
,lrmed with thimbles and care, what exactly are we seeking? To obtain a 
Il lOre precise idea of what is involved in interpreting a theory, let us return to 
01 suggestion made in Section 2.8, that to interpret quantum mechanics is to 
st'c what kind of world is representable within the class of models the theory 
(·mploys. 

Recall that, on the semantic view of theories, a scientific theory provides a 
representation, or model, of a certain domain. Thus geometrical optics pro
vides a geometrical representation of the transmission, reflection, and re
(raction of light, the Bohr theory of the atom a model of atomic structure. 
Sometimes these models have a physical representation, sometimes they 
are wholly abstract mathematical structures, but in both cases they supply 
representations of the phenomena, or, as in the case of the Bohr model, of 
(he structures postulated as underlying the phenomena. The Hilbert spaces 
o( quantum theory are, obviously, of the second, abstract kind. 

We interpret the theory by recognizing, in the models the theory provides, 
' Iements of a particular conceptual scheme. For example, in the Hamilton
Jacobi theory of classical mechanics for a single particle, the element w of 
the phase space is interpreted as an encapsulated summary of the pri
mary qualities of the particle, and the mathematical expression - \lH(w) 
1= (- aH/ax) - (aH/ay) - (aH/az), where H is the Hamiltonian function 
(or the system] is interpreted as the force acting on the particle, such forces 
being the efficient causes responsible for the processes the theory describes. 

Thus the theory is interpreted within a particular categorial framework. I 
borrow the phrase from Komer (1969, pp. 192-210); a categorial frame
work is a set of fundamental metaphysical assumptions about what sorts of 
entities and what sorts of processes lie within the theory's domain. The loci 
classici (or the articula tion of the ca tegorial framework of classical me-
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chanics are Kant's M etaphysiclIl /'lIl/lIIllIliOIlS of Nalural Scie ll ce and his ri 
tique of Pure Reason. This catcgorial framework was well established prior Lo 
the appearance of the Hamilton-Jacobi theory; correspondingly, the task of 
interpreting the theory was that of looking for familiar sorts of things. If the 
fit between the categorial framework and the models that the Hamilton
Jacobi theory provided had been less than perfect-if, for example, there 
had been nothing in the model to correspond to the concept of a primary 
quality (or objective property), or if what was identified as an efficient cause 
had allowed a multiplicity of effects (or of what were identified as effects) 
-then the Hamilton-Jacobi theory would not have been classical me
chanics.* 

However, in the case of quantum mechanics, a very different situation 
obtains. The theory uses the mathematical models provided by Hilbert 
spaces, but it's not clear what categorial elements we can hope to find 
represented within them, nor, when we find them, to what extent the 
quiddities of these representations will impel us to modify the categorial 
framework within which these elements are organized. To interpret the 
theory is to articulate the categorial framework whose elements have their 
images within it; we obtain an interpretation by the dialectical process of 
bringing to the theory a conceptual scheme, and then seeing how this 
conceptual scheme needs to be adjusted to fit it. Because there are several 
solutions to this problem, there can be competing interpretations of the 
same theory. (Compare Holdsworth and Hooker, 1983, who talk of one 
"quantum mechanics" but several "quantum theories.") 

The concept of a property can serve to illustrate this rather abstract discus
sion . Does quantum mechanics allow us to say that a system "has proper
Lies"? Certainly we can find represented in Hilbert space values of physical 
quantities: the subspace L~ (equivalently the projector P~) represents the 
value a of the observable A. But if these subspaces are to be interpreted as 
properties, then, in addition to the now familiar state represented by a 
density operator (and called variously the statistical state [Kochen, 1978] or 
the dynamical state [van Fraassen, 1981b]), a value-state A (alternatively, a 
micro-state [Hardegree, 1980]) must be attributed to the system. Regardless 
of whether the statistical state is thought of as applying to individual sys
tems or to ensembles of systems, the value-state must be thought of as 
applying to individual systems. The value-state will be purely descriptive; 
whereas the statistical state assigns a probability to each pair (A, a) (regarded 
as an experimental question), the value-state will specify at any juncture 

• " Classical mechanics" is here identified with a class (T, ,I,), (T2,12)' ... of theories and 
interpretations. 



wlllr h o( tlWtl~· 1',111 1'1I 11 1)(' Il 'g,mkd as the sy~Hcm 'll prop 'rtie . A value-
11,,11' will Ihus I11Jp p • .in (1\,1/) (Into I or 0, depending on whether the system 
POW-ll'IlSeS the prop 'rty in question or not, and so will resemble a classical 
rl l II II'. 

Two remarks need to be made about this value-state. In the first place, the 
,1\lribution of properties it provides is over and above the work done by the 
Ihl'ory simpliciter. We use it to yield an interpretation of the theory which 
,1('nlmmodates the notion of the properties of a system, but another altema
IIVl' is always open to us, that of finding a categorialframeworkin which the 
!lollon does not appear. Second, even if we hang on to properties, the 
concomi tant value-states cannot be just like their classical counterparts. For 
Kochen and Specker's theorem tells us that, for most quantum systems, 
I Iwl" an be no function...1. mapping all pairs (A,a) onto 1 or 0 in accordance 
with PV P - in other words, so that for each A there is exactly one value a for 
whi ' h A(A,a) = 1. Any workable account of a value-state must therefore be 
llIodified away from adherence to PVP. Different modifications will yield 
dlf(erent interpretations of quantum theory . 

. A number of these interpretations can best be explicated using the vocab
tll.lry of "quantum logic"; partly for that reason the next chapter is devoted 
It) that topic. 




